found in the dog that the critical temperature judged from the stand-point of absence-of macroscopic evidence of injury to the gastric mucosa attending gastric freezing over a period of an hour was in the area of -25°C. However, they recommended using inflow temperatures of from -17fC. to -20°C. to give a margin of safety. In further studies they found that definite gastricwall necrosis occurred at an inflow temperature of -30°C, while this necrosis occurred in all animals subjected to freezing at an inflow temperature of -6o to -8o0C.
Work at the Mayo Clinic did not show such a clear-cut safety margin between the recommended temperatures and those producing necrosis (McIlrath, Hallenbeck, Allen, Mann, Baldes, Brown and Rovelstad, I963) . In fact up to 5 days after freezing definite ulceration ofthe mucosa was found in 7 of io dogs and 2 of 3 pigs who were treated at inflow temperatures of -i 6 to -20°C. Furthermore, in 2 of these dogs and in i pig the necrosis extended through the full thickness of the gastric wall. Thus, dangerous damage was found at temperatures which were being used in man.
In Leeds our limited experience would tend to support the latter workers. Of io dogs treated with an inflow temperature of -i5'C. the first three all showed mucosal ulceration when sacrificed up to 6 days later. Modification of the balloon and perfusion system obviated this finding in the remaining 7 dogs. No full thickness damage was observed.
Freezing of separated pouches of the stomach in the dog has resulted in 3 deaths due to haimorrhage from ulceration of the pouch and 3 fistulk between pouch and intestine in a series of 25 freezings (Savage, Stavney, Stevenson, Harkins and Nyhus, I963).
Efficacy
Temperature attained. The temperature of the gastric mucosa was shown to be somewhere between the inflow and outflow temperatures from the balloon for most of the perfusion time (Wangensteen and others, I962a) . However, later work did not confirm this observation and only at the end of an hour in a io kg. dog did this circumstance occur. In addition, using multiple thermistors registering temperature from fundus, body and antrum of the stomach, it was observed that, for the first 20 minutes, freezing point was not reached. When a pig weighing 48 kg. was used with a balloon containing 8oo ml. of alcohol, at no time during the perfusion did the temperature of the gastric mucosa reach below 8°C. This latter animal is of a comparable size to man and, as will be seen later, the perfusion conditions were similar (Mcllrath and others, I963). There remains the paradox that in these animals the areas where the thermistors were implanted did not achieve uniform freezing and yet sufficient freezing to cause full thickness damage of the stomach wall in other areas. The incompatibility of the results between these two groups of workers suggests that there are some differences in technique.
In common with other workers in this field we have observed on examination of the stomach at laparotomy after one hour's freezing that the cooling produced is patchy. Parts and has a safety device to allow release of pressure in case of any block in the system. Another safety factor is the ability to release any air trapped in the circuit. This is obviously necessary when the gastric balloon is filled at the commencement of the procedure. In addition, any air leaking in through joints in the tubing has to be removed.
When such machines were used for gastric cooling at 5 to io'C. for 48 hours or more in the treatment of upper gastrointestinal hiemorrhage one of the early problems was trapping of air within the gastric balloon which could then expand without any interference with the perfusion system: there was a danger of overdistension of the stomach. However, an air-bleed safety device is now on the American machines even though the risk on a treatment lasting about an hour must be slight. Balloon
In distinction to the relative simplicity of the machine the development of a satisfactory balloon to provide an even contact with the gastric mucosa is still evoking much research both in U.S.A. and in this country. The standard balloon used is of heavy latex rubber shaped roughly to conform to the outlines of the stomach. It is only slightly distended by the volume of 6oo to 8oo ml. of coolant which is normally used in treatment. Even with this balloon it is almost impossible to maintain flow patterns which would provide a uniform temperature at all parts of the surface. Obviously the parts nearest the inflow points will be cooler than the extremities of the balloon. How much more difficult would it be to achieve an even temperature if a balloon were made with folds and grooves to attempt to accommodate the gastric ruge.
A theoretical solution would be to dispense with the balloon and to have the coolant circulating in the stomach itself with small balloons occluding the pylorus and the cardia. Attempts are being made to find a non-toxic fluid or a gas which could be used. At present 95% alcohol is used to fill the balloon. Procedure
After an overnight fast the patient is sedated and a local anasthetic applied to the pharynx. Thereafter, the balloon is passed on the end of a double lumen tube o.8 cm. in external diameter. The diameters of the lumina alter the rate of flow of the coolant which is usually about I to 1.5 litres per minute with the standard tubing. About 200 ml. of alcohol is run into the balloon to open it out slightly and the tubing is withdrawn until the resistance of the cardia is felt. More alcohol is then run slowly into the balloon until the patient feels a fullness in the epigastrium; by this time the volume is about 6oo to 8oo ml. Perfusion is then commenced and lasts for from 40 to 6o minutes. When the flow is stopped the balloon is left in situ for io minutes or so to allow thawing: it is then emptied and withdrawn. During the perfusion the patient has no discomfort except tendency to shivering towards the end of the Morbidity. As might be expected from the work on dogs gastric ulceration has occurred in some patients. Seventeen were reported in a series of over 900 from Minneapolis (Bernstein, I963) . Initially this was thought to be due to a 'cold spot' caused by a jet of alcohol from the end of the inflow tube: changing this jet to a spray has not completely avoided this complication.
Another serious complication is melaxna. This has been severe enough to require transfusion and even surgery but most cases are slight. A positive test for fiecal occult blood is found in all patients tested after freezing and about 40% show a loss of io ml. or more of blood as measured by labelling red blood cells with radiochromium (51Cr) (Hightower, I963) .
Pyloric stenosis occurred following gastric freezing in some of the initial patients and any degree of pyloric hold-up is considered as a contra-indication.
During the freezing the patient has little or no discomfort. However, some shoulder-tip pain the next day has been complained of and along with a pyrexia of up to Io02F. may occur a leucocytosis of up to I6,000/cu. mm. Patchy gastritis has been evident as much as 3 months after freezing in a few of the patients studied with the gastroscope (Colcher., Smith and Wangensteen, I963 35 weeks it would seem that they would be susceptible to a more complete and uniform freezing as there is a much better chance of even application of the mucosa to a balloon. This would also be true of human stomach remnant after gastric resection and stomal ulceration has been treated by gastric freezing with initial success (Bernstein, McFee, Goodale, Madsen and Wangensteen, I963) . More difficulty has been experienced in depressing the function of the whole stomach by freezing and the rapid return of acidity to pre-freezing levels in man would suggest that remissions from a single freeze may not last many months.
The lack of uniformity of cooling of the stomach by the present technique together with the failure to lower its temperature to freezing point in some tests, would suggest that some modification is necessary before a final verdict can be given. Many workers are attempting to produce a better system and none more vigorously than the Minneapolis group. If the balloon could be dispensed with many of the difficulties would be avoided. Let us hope that a non-toxic liquid can be discovered which will stay fluid at -20°C. Obviously when a more sophisticated method isproduced the whole position will have to be reassessed.
